Cloning and expression of daf homologous genes and mex-3 in Ancylostoma caninum by 陈佳星
学校编码：10384                                分类号     密级      












犬钩虫 daf 和 mex-3 同源基因的克隆表达 
Cloning and expression of daf homologous genes and mex-3 
in Ancylostoma caninum 
陈佳星 
指导教师姓名：杨玉荣 
专 业 名 称：动    物    学 
论文提交日期：2 0 1 2 年 0 8 月  
论文答辩时间：2 0 1 2 年 0 9 月  
学位授予日期：2 0 1 2 年 0 6 月  
 
答辩委员会主席：              
评    阅    人：              






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 














目  录 
I 
目  录 
摘  要 .................................................................................................. I 
Abstract .............................................................................................. III 
第一章  前言 ...................................................................................... 1 
   1.钩虫概况及钩虫病 .......................................................................... 1 
   2.钩虫蛋白抗原的研究 ....................................................................... 3 
   3 抗钩虫药物和疫苗的研究 ................................................................ 5 
   4.本文研究基因的介绍 ....................................................................... 7 
第二章  材料与方法 ........................................................................ 16 
   1 材料 ........................................................................................... 16 
   2 主要仪器 .................................................................................... 16 
   3 常用药品与试剂 ........................................................................... 16 
 第三章犬钩虫 daf-12B 基因的克隆、表达及定位的研究 ............... 20 
   1 实验方法 .................................................................................... 20 
  2.实验结果 ....................................................................................... 26 
3.讨论 .............................................................................................. 37 
第四章犬钩虫 daf-19 基因的克隆、表达及定位的研究 ................... 39 
   1 实验方法 .................................................................................... 39 
   2.实验结果 ..................................................................................... 40 
3.讨论 ............................................................................................ 50 













目  录 
II 
   1 实验方法 .................................................................................... 52 
   2.实验结果 ..................................................................................... 53 
   3.讨论 ............................................................................................ 63 
第六章 犬钩 mex-3 基因的表达及定位的研究 ................................. 65 
   1 实验方法 .................................................................................... 65 
   2.实验结果 ..................................................................................... 66 
   3.讨论 ............................................................................................ 71 
结论 ................................................................................................... 73 
参考文献 ............................................................................................ 74 













Table of Contents 
III 
Table of Contents 
Abstract in Chinese ............................................................................. I 
Abstract in English ............................................................................ III 
Chapter 1 Introduction ....................................................................... 1 
   1 Hookworm Overview  ..................................................................... 1 
   2 Hookworm antigens research ............................................................ 5 
   3 Hookworm vaccine and drug research ................................................ 5 
   4 The introduction of daf homologus and mex gene ................................. 7 
 Chapter 2 Materials and Methods .................................................. 16 
   1 Materials ..................................................................................... 16 
   2 Instruments ................................................................................. 16 
   3 Reagents ...................................................................................... 16 
 Chapter 3 The expression and localization of daf-12B .................... 20 
   1 Results and analysis ...................................................................... 26 
   2 Discussion ..................................................................................... 37 
Chapter 4 The expression and localization of daf-19 ........................ 39 
   1 Results and analysis ...................................................................... 40 
   2 Discussion .................................................................................... 50 
Chapter 5 The expression and localization of daf-21 .......................... 52 
   1 Results and analysis ...................................................................... 53 













Table of Contents 
IV 
Chapter 6 The expression and localization of mex-3 ........................... 66 
   1 Results and analysis ...................................................................... 66 
   2 Discussion .................................................................................... 71 
Conclusion ........................................................................................ 73 
Reference ........................................................................................... 74 





















daf-12B、daf-19、daf-21 基因进行了克隆并和 mex-3 基因一起进行表达鉴定。
获得的 cDNA 片段大小分别为 571bp(daf-12B)、570bp(daf-19)、468bp(daf-21)。
将测序正确的片段构建到原核表达载体上，并转化到大肠杆菌 BL21(DE3)中用
IPTG 诱导表达，通过 SDS-PAGE 分析表达情况。 
分析发现重组蛋白分子量大小分别为 36kDa (DAF-12B)、40kDa (DAF-19)、
38kDa (DAF-21)和 48kDa (MEX-3),进行了重组蛋白的纯化和免疫获得相应抗体。
用 Western Blot 检测了这些蛋白在 L1/L2、L3、雌虫中的表达情况，结果表明
这些蛋白在 L1/L2、L3 和雌虫中均有表达。 
Real-time PCR的结果显示 daf-12B的 mRNA 转录发生在犬钩虫的 L1/L2、L3、
雌虫和雄虫阶段，在成虫阶段表达较高,其中雄虫表达量 高；daf-19 的 mRNA
在 L3 期表达量 高；daf-21 的 mRNA 转录在成虫阶段表达量非常之高，L3 期幼
虫中含量很少，在 L1/L2 期幼虫中表达量 低。用 RT-PCR 技术检测 mex-3 的 mRNA




期中幼虫头部，特别是食道球中的荧光强烈，L3 期 DAF-12B 分布在整个虫体中，




















L3 期可以观察到 DAF-21 分布在虫体前部食道腺、肠道。DAF-21 在钩虫体腔壁、
肠壁有特异性的分布。 
MEX-3 在虫卵细胞质中有明显的表达，荧光强烈.在 L1/L2 期，我们发现钩


































Hookworms are nematodes belonging to the family Ancylostomatidae, they are 
important intestinal parasitic nematodes. Adult parasize in the intestine, feeding on 
blood, causing destruction of mucous membranes, heavy load can cause severe 
anemia, which is the main cause of iron deficiency anemia in the world-wide.Children 
infected with hookworms may suffer from growth retardation. In China, it infects 
about 200 million people. 
In order to study the function of DAF-12, DAF-19, DAF-21 and MEX-3 proteins, 
the cDNAs encoding daf-12B, daf-19 and daf-21 were amplified by RT-PCR from 
A.caninum mRNA. The fragments of cDNAs were 571bp(daf-12B), 570bp (daf-19), 
468bp(daf-21) respectively, and the amplified products were cloned into pMD-18T 
vector. After PCR screening, enzyme digestion, and sequencing, the right sequence of 
plasmids were digested by enzymes and ligated with expression vector digested with 
the same enzymes, and then transformed into E.coli BL21 (DE3) strain. 
Bacterial lysates from cultures induced with IPTG were loaded onto SDS-PAGE 
gel, and specific band of 36kDa (DAF-12B), 40kDa (DAF-19), 38kDa (DAF-21) and 
48kDa (MEX-3) were detected respectively. The purification of recombinant proteins 
and the immunization of mice were undertaken, the antibodies were obtained. Western 
blot results showed that these proteins were expressed in L3, and female adult worms 
respectively.  
Real-time PCR results showed that: daf-12B mRNA was detected in the L1/L2, L3, 
male and female adult worms and was detected at higher levels in adult worms. 
daf-19 mRNA was detected at the highest level in the L3 worms; daf-21 mRNA was 
detected at the highest level in female adult worms and lowest level in L2; mex-3 
mRNA wasn’t detected in L1/L2. The expressions of four proteins in eggs, larvae and 
adult of worms were detected by immunofluorescene antibody staining. DAF-12B 















adult worm; DAF-19 expressed in the intestine and gonad primordium of L1/L2 and 
L3 larvae, as well as in the adult worm; DAF-21 distributed in eggs, intestine and 
esophageal gland of L3; MEX-3 distributed in eggs, esophageal gland and intestine of 
L2 larvae as well as L3. 
 





































































































    
图 1-1 钩虫的生活史 
Fig.1-1 The Life Cycles of N.americanus and A.duodenale 
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